INTRODUCTION
The serine-base exchange enzyme system (serine-BEES) catalyses the biosynthesis of phosphatidylserine. The enzyme(s) exchange the polar head group of pre-existing phospholipids (either phosphatidylcholine or phosphatidylethanolamine) for a serine residue. This reaction is a Ca# + -dependent process that takes place in the endoplasmic reticulum. In the past 5 years evidence has accumulated demonstrating that the phospholipid base exchange activity is regulated upon membrane receptor triggering in different cell lines. In rat liver plasma membrane, phospholipid base exchange activity is regulated by G-proteins and P2y-purinergic receptor [1] ; in the neuroblastoma cell line LA-N-1, serine base exchange activity is modulated by muscarinic receptors [2] . In glioma C6 cells, serine base exchange is inhibited by glutamate and acetylcholine [3] . In T-cells, triggering of the CD3-TCR complex or the CD2 molecule with monoclonal antibodies (mAbs) [4, 5] results in emptying the endoplasmic reticulum's Ca# + stores and consequently decreases the activity of the serine-BEES monitored by measuring PtdSer synthesis. The CD3\TCR and the CD2 activation pathways that result in the emptying of intracellular Ca# + stores and in a strongly decreased PtdSer synthesis are mimicked by the endoplasmic reticulum Ca# + -ATPase blocker, by thapsigargin and by Ca# + ionophores [4, 5] . We have previously shown that many inhibitors of Jurkat T-cell activation [monitored by measuring either interleukin 2 (IL-2) secretion or CD25 and CD69 expression] were able to increase PtdSer synthesis in Jurkat cells [6] [7] [8] [9] . Similar conclusions were obtained with peripheral blood mononuclear cells treated with PtdSer [10] and modulation in i o of the immune response was observed in mice treated with this phospholipid [11] . Together Abbreviations used : AHF, 4-aminohydroxyflavone ; GAM, goat anti-mouse immunoglobulins ; IL, interleukin ; mAb, monoclonal antibody ; serine-BEES, serine-base exchange enzyme system. 1 To whom correspondence should be addressed.
induced inhibition of PtdSer synthesis. Similarly, the HIV-gp120 envelope glycoprotein, in both soluble and cross-linked forms, induces an increase in PtdSer synthesis. The protein tyrosine kinase p56 lck participates in the regulation of serine-BEES activity because the effect of CD4 mAbs was additive to that of aminohydroxyflavone, an inhibitor of p56 lck . Also, CD4 mAbs were inactive in J Cam 1.6 cells or when the CD3 signals were bypassed by using thapsigargin. These results demonstrate that the CD4 surface molecule can transmit both activating and inhibiting intracellular signals depending on the CD4 ligand used. We suggest that PtdSer synthesis would be one of the intracellular signals that could explain the opposite effects of different CD4 ligands on T-cells.
the accumulated results strongly suggested that a decreased PtdSer synthesis takes part in the intracellular pathways leading to T-cell activation, whereas an increased PtdSer synthesis was inhibitory to the activation process. Several lines of evidence suggest that CD4 transmits an intracellular signal [12] [13] [14] . Most CD4 mAbs down-regulate Tcell responsiveness ; however, some CD4 mAbs such as B66.6 [15] induce T-cell activation, indicating that the CD4 molecule can have both positive and negative effects on T-cell activation. Newly recognized CD4 ligands share properties similar to that previously attributed to CD4 mAbs. For example, the HIV glycoprotein gp120 inhibits CD3\TCR signalling [16] [17] [18] . IL-16, a natural ligand for CD4, inhibits mixed lymphocyte reaction [19] . By contrast, the lectin jacalin, another recently discovered CD4 ligand, induces the proliferative response of CD4 + Tlymphocytes by a mechanism involving an increase in the concentration of cytosolic Ca# + , in a similar manner to the B66.6 mAb [20] [21] [22] .
In a previous study [23] we have shown that the CD4 mAb B66.6 was able to induce Jurkat cell activation. This mAb, similarly to CD3 or CD2 mAb, was able to liberate Ca# + from intracellular stores and to down-regulate PtdSer synthesis. Here we show the results obtained on several cell lines with two other CD4 mAbs (IOT4 and IOT4a) tested either individually or in pairs, in soluble form or cross-linked with goat anti-mouse Igs (GAM). In addition we have tested the effects of several CD4 ligands, the recombinant HIV-gp120 protein, the lectin jacalin and IL-16. Together the results presented show that the CD4 surface molecule could transmit signals that either down-regulate or up-regulate the activity of the serine-BEES. We propose that the increase in PtdSer synthesis generated by HIV-gp120 serves as a negative signal likely to be involved in CD4-induced T-cell unresponsiveness. 
MATERIALS AND METHODS

Cells
Phospholipid synthesis in Jurkat cells
Jurkat cells (2i10') were maintained in 0.5 ml of a buffer (pH 7.4) containing 137 mM NaCl, 2.7 mM KCl, 2. . After an incubation period of 0-2 h the cells were sedimented rapidly in an Eppendorf centrifuge, the supernatants were discarded and the cell phospholipids were extracted with chloroform\methanol by the method of Bligh and Dyer [24] . This two-step extraction procedure allowed the determination of $H-labelled products incorporated into the cells by measuring a 25 ml sample of the chloroform\methanol extract. The subsequent addition of chloroform and water allowed the separation of the organic and aqueous phases. The lipid extracts (organic phases) were analysed by TLC on LK6D chromatography plates (Whatman) in a solvent system composed of chloroform\methanol\acetic acid\ water (75 : 45 : 12 : 3, by vol.). Authentic phospholipid standards (Sigma) were run in parallel and revealed with iodine vapour. Radioactivity in lipid spots was determined by using an automatic linear radiochromatography analyser, Tracemaster 20 (Berthold), equipped with an 8 mm window and the integration software supplied by the manufacturer.
RESULTS
Effect of CD4 mAbs on PtdSer synthesis in Jurkat clones
The effects of IOT4 and IOT4a on PtdSer synthesis were first tested with antibodies in soluble form and used either individually or in pairs. With the JD and JE6-1 clones an increased PtdSer synthesis was observed. IOT4a was the most active on both cell types and the effect was additive when IOT4 and IOT4a were used together ( Figure 1 either soluble or cross-linked form indicated that the effect was (1) dose-dependent and (2) (Table 1) . Other Jurkat clones such as J.RT3-T3.5 (a clone that does not express the CD3\TCR complex), J.CaM1.6 (a clone deficient in the tyrosine kinase p56 lck ) and J45.01 (a clone deficient in expression of the CD45 phosphatase) were also tested. Figure 1 shows that, of these Jurkat mutants, only J45.01 was able to respond to CD4 mAbs. However, the response of this clone was lower than in the parental cell line JE6-1.
Effect of CD4 mAbs in other CD4 + cell types
To determine whether the effect of CD4 mAbs was specific to some Jurkat clones, we tested three other CD4 + cell lines : the Tlymphoblastoid cell line CEM, the T-cell leukaemia MOLT-4 and the CD4 + CD8 + cell line HPB-ALL. Figure 4 shows that in these three cell lines PtdSer synthesis was increased by triggering the CD4 molecule. As with Jurkat, IOT4a was the most efficient mAb and the effects of IOT4 and IOT4a were additive.
CD4 mAbs impair CD3-induced inhibition of PtdSer synthesis in Jurkat cells
In previous papers [4, 5] we have shown repeatedly that triggering the CD3\TCR complex with CD3 mAb induces a decrease in activity of the serine-BEES, resulting in an inhibition of PtdSer synthesis. A similar process was also observed with the Ca# + -ATPase blocker thapsigargin, which by-passes the activation of the tyrosine protein kinase pathway associated with CD3 activation of Jurkat cells. A pair of CD4 mAbs (IOT4 and IOT4a) was used in combination with CD3 or thapsigargin ; the activity of serine-BEES was measured under these experimental conditions. Table 2 shows that triggering CD4 inhibits the CD3-induced decrease in PtdSer synthesis. In contrast, the CD4 mAb pair was unable to reverse the thapsigargin-induced inhibition of the serine-BEES.
Effects of 4-aminohydroxyflavone (AHF) and CD4 are additive
In agreement with the above results, it seemed that CD4 probably acts on an early step in the CD3\TCR signalling process ; p56 lck seemed a good candidate because we have shown previously that this tyrosine protein kinase is involved in the regulation of the serine-BEES [25] . In that work we showed that, of a number of protein tyrosine kinase inhibitors, only AHF, a compound designed as a p56 lck inhibitor [26] , markedly increases PtdSer synthesis without affecting the other phospholipids. Also, this compound was found to be inactive in J.CaM1.6 cells lacking p56 lck , and its activity on the serine-BEES was recovered in J.CAM1.6 transfected with a plasmid containing p56 lck cDNA. To investigate whether p56 lck was involved in the CD4-induced activation of serine-BEES, we did experiments in which Jurkat cells were treated with the CD4 mAb pair, with AHF or with both. As shown in Table 3 , CD4 mAbs and AHF produced increased PtdSer synthesis and their actions were additive. This suggests that both types of effector either share the same target or act through closely linked pathways. The tyrosine protein kinase p56 lck could be a good candidate to explain the effect of AHF and CD4 mAbs. This hypothesis is supported by the fact that p56 lck is linked to and regulated by the CD4 molecule.
Effects of the lectin jacalin on PtdSer synthesis
As noted in the Introduction section, we have previously shown that a particular CD4 mAb, B66.6, mimicked CD3 in the way that it induces an increase in the cytosolic Ca# + concentration ; it was able both to inhibit PtdSer synthesis and to induce IL-2 synthesis in the presence of the phorbol ester PMA. The lectin jacalin has been shown to be a T-cell activator. This lectin increases the cytosolic Ca# + concentration in Jurkat cells [20] , induces human CD4 + T-cell proliferation and has been recognized as a CD4 ligand [21, 22] . Furthermore jacalin has been shown to interact with CD4 through a protein-protein interaction and independently of any sugar residues [20] . Table 4 shows that jacalin used at 1, 10 and 100 µg\ml markedly inhibited the serine-BEES as judged from measurements of PtdSer synthesis. We have also tested the lectin on Indo-1-loaded Jurkat cells and confirmed that a marked increase in cytosolic Ca# + concentration None 653p38 100 Jacalin (1 µg/ml) 437p39 67** Jacalin (10 µg/ml) 357p32 54** Jacalin (100 µg/ml) 332p23 51** IL-16 (1 nM) 672p53 103 IL-16 (10 nM) 594p71 91 IL-16 (30 nM) 654p38 100 IL-16 (100 nM) 724p65 111 HIV-gp120 866p69 132** Anti-gp120 650p45 99 HIV-gp120janti-gp120 1058p127 162** occurred and was in part due to a release of Ca# + from intracellular stores (results not shown). Thus jacalin produced effects similar to that previously described with B66.6 mAb. Accordingly, the CD4 surface molecule can induce both activatory and inhibitory signals in lymphocytes.
Effect of recombinant IL-16
IL-16, another CD4 ligand [19] able to inhibit some T-cell responses, was tested for an eventual effect on PtdSer synthesis. As shown in Table 4 this interleukin does not change PtdSer synthesis even at high doses (100 nM).
Effect of recombinant HIV-gp120
Another ligand for the CD4 surface molecule is the HIV-gp120 protein.
It has been previously shown that gp120 induces hyporesponsiveness of T-cells. This effect has been attributed to the capacity of gp120 to interact with the CD4 surface molecule and to regulate the CD4-p56 lck complex [27, 28] . Recombinant gp120, used alone or cross-linked with anti-gp120 antibodies, was found to up-regulate PtdSer synthesis (Table 4) , as occurred with the IOT4a mAb.
DISCUSSION
The response of CD4 + lymphocytes to stimulation of the CD3\ TCR complex is markedly altered by accessory surface molecules involving CD4 and its association with CD3\TCR. A dual role for CD4 is well documented. When T-cells are stimulated by an antigen presented by MHC class II molecules, cell activation is amplified. However, when CD4 is bound by HIV-gp120 or some anti-CD4 mAbs, CD3\TCR-mediated activation is inhibited. A similar dual role for the CD4 surface molecule has been evidenced in T-cell lines such as Jurkat. In these cells it has been shown that triggering CD4 with the mAb B66.6 or the lectin jacalin results in cell activation. Other studies with IOT4 mAbs or HIV-gp120 have shown that these alternative ligands provoked an inhibition of CD3\TCR signalling. Signalling through the TCR\CD3 complex involves first the activation of protein tyrosine kinases such as ZAP70, p59 fyn and p56 lck . The second step is the activation of phospholipase Cγ1, which induces the release of Ca# + from intracellular stores through the hydrolysis of PtdIns(4,5)P # into diacylglycerol and Ins(1,4,5)P $ . Emptying intracellular Ca# + stores results in inhibition of the serine-BEES and a marked decrease in PtdSer synthesis.
Two ligands of CD4, the mAb B66.6 and the lectin jacalin, were previously shown to be capable of activating CD4 + T-cells and the Jurkat cell line. The activation culminates in IL-2 production when the ligands are used in combination with the phorbol ester PMA. The pathway involved when cells are triggered with the CD4 mAb B66.6 includes both the release of Ca# + from intracellular stores and the inhibition of PtdSer synthesis [15, 23] . The results described here with the lectin jacalin seem to follow the same pathway.
In contrast, the CD4 mAbs IOT4 and IOT4a, previously recognized as ligands inducing an inhibitory action on T-cell activation, were unable to induce Ca# + mobilization (results not shown) and increased PtdSer synthesis when used in either a soluble or a GAM-cross-linked form. The increase in PtdSer synthesis was dose-dependent and developed rapidly to reach a maximum of 30-40 % compared with control (untreated) cells. The CD4-induced increase in PtdSer synthesis was demonstrated on Jurkat clone D and Jurkat clone JE6-1. A major difference between these two clones is the presence of both ZAP-70 and Syk protein tyrosine kinases in JD, whereas JE6-1 cells express only ZAP-70 [29] . Accordingly the protein kinase Syk is not necessary for the regulation of PtdSer synthesis through CD4.
Jurkat cell mutants that do not express the CD3\TCR complex (clone J.RT3-T3.5) or the protein tyrosine kinase p56 lck (clone J.CaM1.6) were unresponsive to CD4 mAbs in terms of PtdSer synthesis. In contrast, in Jurkat mutants lacking the tyrosine protein phosphatase CD45 (clone J45.1), CD4 mAbs induced a net increase in PtdSer synthesis, although less substantial than in the parental cell line. Because the expression of the CD4 antigen determined by FACS analysis was twice as high in J.RT3-T3.5 and J45.01 as in JE6-1, the different responses observed cannot be attributed to changes in CD4 expression but could more probably be attributed to the lack of CD3\TCR or CD45 respectively. The probable role of CD45 as a regulating molecule for CD4-induced effects has been reported previously [30] [31] [32] .
Previous works have shown that the protein tyrosine kinase p56 lck might be involved in the regulation of the serine-BEES [25] . We have shown that AHF, a compound designed as a p56 lck inhibitor [26] , markedly increases PtdSer synthesis. In addition, this compound was found to be inactive in J.CaM1.6 cells lacking p56 lck , and its activity on the serine-BEES was recovered in J.CaM1.6 transfected with a plasmid containing p56 lck cDNA. Similarly, the present study indicates that p56 lck is necessary for the induction of PtdSer synthesis because CD4 stimulation was unable to increase PtdSer synthesis in J.CaM1.6 cells. In addition, both the p56 lck inhibitor AHF and CD4 mAbs enhanced the activity of the serine-BEES and their effects were additive. This supports the hypothesis that their modes of action either use closely linked pathways or share the same target. Together our results fit well with several previous reports indicating that p56 lck associated with CD4 is required for the interaction between CD4 and the TCR\CD3 complex and has an important role in CD4 responsiveness [34] [35] [36] [37] [38] [39] . As shown in Table 3 , triggering CD4 reverses the CD3-induced inhibition of PtdSer but does not reverse the thapsigargin-induced inhibition, indicating that CD4 acts upstream of Ca# + movements. p56 lck linked to CD4 thus seems to be one of the probable links between the surface molecule and the serine-BEES.
The CD4-mediated increase in PtdSer synthesis is not a peculiarity of Jurkat cells because a similar phenomenon occurs in the three other CD4 + cell lines studied, i.e. CEM, MOLT-4 and HPB-ALL.
Besides CD4 + cell depletion during HIV infection, it is well known that HIV-gp120-CD4 interaction provokes functional abnormalities in T-cells [40] [41] [42] [43] . It has been shown that HIVgp120 blocks PtdIns(4,5)P # hydrolysis elicited by soluble antigen or CD3 mAb [16, 44] . HIV-gp120 ligation of CD4 also induces desensitization of T-cell receptors [45] . These effects seem to involve CD4-associated p56 lck because short-term treatments (minutes) with CD4 mAbs or gp120 induce p56 lck activation [34, 46] . Long-term treatments (hours) with CD4 mAbs or HIVgp120 have been shown both to dissociate the CD4-p56 lck complex [17, 28, 47] and to inhibit the CD3-mediated activation of p56 lck [33] . Our results indicate that HIV-gp120 in both soluble and cross-linked forms mimicks the results obtained with IOT4a mAbs. We have previously shown that many pharmacological agents both increased PtdSer synthesis and inhibited T-cell activation as monitored by the production of IL-2 and the expression of CD25 or CD69 [6] [7] [8] [9] . Accordingly it seems highly probable that the activity of the serine-BEES induced by HIVgp120 or some CD4 mAbs has a role in the negative regulation of T-cells. Several studies documenting a suppressive effect of gp120 on T-cell responses have been published [44, 45, 48, 49] . Our results strongly support the hypothesis that PtdSer has a role in this process.
Although the mechanism by which CD4 increases PtdSer synthesis is not totally understood, a regulating role for PtdSer in T-cell functions is supported by the discovery that Src tyrosine kinases bind to membranes through electrostatic interactions with acidic phospholipids and particularly to PtdSer [50] . Accordingly, PtdSer could have a role in the membrane targeting of p56 lck during T-cell activation. Besides this possible role in T-cell regulation, another important role for PtdSer in the regulation of lymphocyte functions arises from the discovery that T-cell apoptosis is accompanied by the exposure of PtdSer at the cell surface, where this phospholipid assists recognition by macrophages in the process of eliminating dying cells [51, 52] . The study of the fine regulation of PtdSer synthesis thus seems to be of major importance. In this field of research, we show here for the first time that some CD4 ligands, including HIV-gp120, increase the activity of the serine-BEES and consequently increase the synthesis of PtdSer in T-cells. CD3 and CD2 were the first proteins described as down-regulators of PtdSer synthesis ; CD4 is to our knowledge the first cell-surface protein described as capable of up-regulating PtdSer synthesis. In addition, the measure of the activity of the serine-BEES indicates clearly that the cell-surface CD4 molecule is able to induce both down-and up-regulating signals, depending on the ligand used.
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